Introduction {#sec1-1}
============

Infestation of the brain by the larval stage (cysticercus) of the flatworm parasite, *Taenia solium*, also known as neurocysticercosis (NCC) is a major risk factor for seizures and epilepsy in many endemic countries.\[[@ref1][@ref2][@ref3]\] Recently, a metaanalysis of clinical presentations of NCC demonstrated that seizures might be the presenting manifestation in 80% of people with NCC.\[[@ref4]\] Furthermore, although scarce, follow-up studies after a first seizure due to NCC have shown that seizures might recur in nearly 50%.\[[@ref5]\] Other studies however, have shown that although seizures in people with NCC might recur, recurrence is mostly related to withdrawal of anti-epileptic drugs (AEDs).\[[@ref6][@ref7]\] Seizure control is excellent as long as adherence to AEDs is maintained.\[[@ref8]\] Implicit with these data is the question whether NCC infestation of the brain is associated with poorly-controlled seizures or perhaps even medically refractory epilepsy requiring surgical treatment in the long term.

The treatment of NCC is largely medical and comprises of AEDs, antihelminthic drugs (albendazole and praziquantel) and corticosteroids. Indications for surgical treatment are few and are restricted to the amelioration of cysticercotic hydrocephalus, space-occupying lesions, intracranial hypertension and intraventricular cysticercosis.\[[@ref9]\] Surgical treatment for control of epilepsy is rarely indicated.

Here, we review the association of NCC with medically-refractory epilepsy and the indications and approaches to presurgical evaluation and surgical treatment in people with NCC and medically-refractory epilepsy.

Calcific neurocysticercus lesion (CNL), seizures and epilepsy {#sec2-1}
-------------------------------------------------------------

Pathologic studies have shown that once a cysticercus larva lodges in the brain parenchyma, it passes through a series of evolutionary stages (vesicular, colloidal, granular-nodular, and fibrocalcified stages).\[[@ref10]\] Thus the cysticercus appears to pass from a live stage (alive or active stage; corresponding to vesicular stage, i.e. without any breakdown of the blood-brain barrier and little host-inflammatory response in the surrounding brain parenchyma) eventually to a dead (or inactive; corresponding to the fibrocalcified pathologic stage) nodule. The intervening stage has been described as "degenerating," "transitional," "acute," or "encephalitic" stage cysticercus (corresponding to the colloidal and granulonodular stages).\[[@ref11][@ref12]\] It is characterized by breakdown of the blood-brain barrier and consequent development of surrounding host-inflammatory response. Probably the inflammatory response and the cellular and molecular events are responsible for seizures during the degenerating stage of NCC.

It has been suggested that seizures occurring in relation to "degenerating" stage of NCC are provoked, whereas those occurring in relation to the "live" or the "inactive" phase are unprovoked.\[[@ref13]\] This distinction however needs to be understood in context of recent attempts in revising the operational definitions of epileptic seizures and epilepsy. Whether a degenerating cysticercus presents an enduring tendency to manifest with seizures in which the seizure episodes are provoked in response to an inflammatory reaction to unpredictable and phasic release of antigenic material from the degenerating cysticercus remains a debatable issue. Traditionally the calcified lesions are thought to represent inactive cysticerci, but in a rather unpredictable manner from time to time, the CNLs might demonstrate contrast enhancement and perilesional edema on serial magnetic resonance imaging (MRI) studies suggesting breakdown of blood-brain barrier and inflammation.\[[@ref14]\] Perilesional edema appears as bright signal on MRI fluid attenuated inversion recovery (FLAIR) or T2 imaging. This is often accompanied by enhancement around the calcified neurocysticercosis lesion (CNL). A Peruvian follow-up study of CNLs demonstrated that the episodes of perilesional edema might be associated with seizures in as many as 50% of the instances.\[[@ref15]\] Thus, it appears that even in calcified lesions, the seizures might be provoked by the phasic release of antigen in an unpredictable manner.

Various population-based studies have shown that CNLs are the most common finding upon imaging studies in people with seizures.\[[@ref1][@ref2][@ref3]\] In population-based case control studies, CNLs appear to be significantly common in people with seizures and epilepsy in comparison to healthy controls. However, selected population-based studies in high risk communities have also shown that CNLs might be detected in 9-18% of asymptomatic people in the community.\[[@ref16][@ref17]\] Thus, although it appears that the CNLs bear a causal association with epilepsy, which might be completely asymptomatic in a proportion of people among the community. An older, hospital-based study using computerized tomography (CT) scans in people with epilepsy and CNLs found that there was good correlation between electroclinical localization (including semiology based on historical descriptions) and the CT location of the CNLs in roughly one half of the cases.\[[@ref18]\] In others correlation between could not be ascertained due to insufficient data, whereas in small proportion, the CNL was clearly co-incidental. Why CNLs present with seizures in some individuals and remain asymptomatic in others is unclear. Most commonly these calcified granulomas are located in the frontal cortex of the brain i.e. in About 50%, the parietal and occipital lobe having equal preponderance about 17.5%, with least common location in the temporal lobe i.e., 15%.\[[@ref18][@ref19]\] Therefore though CNLs are common finding in patients with or without epilepsy, the exact incidence and relation with epilepsy is not clear.

Association between NCC and medically-intractable epilepsy {#sec2-2}
----------------------------------------------------------

In Sao Paulo, Brazil, a referral centre based cross-sectional study of 512 patients with medically-intractable epilepsy found evidence of CNL in 27%.\[[@ref20]\] Similarly, other epilepsy centres from Brazil have observed a high incidence of CNLs in patients being subjected to presurgical work-up or epilepsy surgery for medically-refractory epilepsy.\[[@ref21][@ref22]\] These studies emphasize the high frequency of CNLs in patients with medically-intractable epilepsy in endemic regions. The observations as well as anecdotal reports of association between CNLs and mesial temporal lobe epilepsy have fuelled speculations about the association between CNLs and medically-intractable epilepsy. It remains conjectural whether or not these CNLs constitute a risk factor for medically refractory epilepsy. As mentioned earlier, CNLs are a fairly common finding on CT imaging of asymptomatic people in the community from endemic regions. Hence, these might represent a chance finding in people being worked up for epilepsy surgery.

We reviewed reports in published literature, which specifically alluded to the course including presurgical evaluation and outcome (including surgical treatment when undertaken) of medically-refractory epilepsy in the setting of calcified NCC and noted that several different types of situations existed \[Figure [1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\]:

![(a) Computed tomographic scan of a patient with medically-refractory mesial temporal lobe epilepsy showing an incidental calcific lesion in the occipital cortex. (b) Coronal MRI perpendicular to the long axis of the hippocampus revealed right sided MTS.](AIAN-17-65-g001){#F1}

Medically refractory epilepsy with seizures arising from or in the vicinity of a CNL {#sec2-3}
------------------------------------------------------------------------------------

This is apparently very rare. There were two cases among the cross-sectional study of 512 patients of medically-refractory epilepsy from a clinic in Brazil in whom seizures were demonstrated to arise from the calcified lesion itself based on data from invasive electroencephalogram (EEG) studies in one and otherwise in another.\[[@ref20]\] Other cases have been reported anecdotally.\[[@ref23][@ref24]\] A recent report described surgical experience in five patients with seizures arising from a CNL, of whom four were rendered seizure free.\[[@ref25]\] The CNL was most commonly located in the frontal lobe and was associated with a perilesional high intensity signal. In another report, it was observed that seizures occurring very frequently over short periods of time and the intervening periods were quiescent.\[[@ref23]\] In such situation were calcified lesions are multiple, seizures (arising from other calcified lesions) might still recur after a lesionectomy (i.e., removal of a single CNL).\[[@ref23]\]

Mesial temporal lobe epilepsy in relation to a calcified lesion within or close to the hippocampus {#sec2-4}
--------------------------------------------------------------------------------------------------

This appears to be a subtype of the first variety described above but appears to be more frequently reported in published literature. The CNL is located in or in close proximity to the hippocampus. The patient presents with typical mesial temporal lobe seizures. Imaging discloses hippocampal atrophy and sclerosis with a CNL located within or close to the hippocampus. The CNL might or might not enhance and be associated with surrounding oedema. It might be surmised that the hippocampus is implicated in the inflammatory reaction and ensuing gliosis and neuronal degneration surrounding a degenerating NCC lesion in its proximate neighborhood. Although highly selected, two surgical series of patients with mesial temporal lobe epilepsy plus CNL included several in whom the CNL was located within or in close proximity to the hippocampus, such that the resection of mesial temporal structures encompassed the CNL.\[[@ref24][@ref25][@ref26]\] Even the cross-sectional study from Brazil comprised of an unspecified number of patients in whom the CNL was located very close to the hippocampus.\[[@ref20]\] We surmise that the proximity of the CNL to the hippocampus, the vulnerability of the latter to insults lead to an overrepresentation of this location of the CNL in reported series.

Calcified neurocysticercosis lesions (CNLs) and mesial temporal sclerosis (MTS) {#sec2-5}
-------------------------------------------------------------------------------

The association between NCC and MTS was initially suggested by anecdotal reports.\[[@ref27][@ref28][@ref29]\] Subsequently, larger but mostly cross-sectional studies in cysticercosis endemic regions, found a high frequency of CNLs in populations of patients with medically refractory epilepsy drawn from tertiary care epilepsy facilities.\[[@ref21][@ref22][@ref30][@ref31][@ref32]\] The frequency of CNLs was as high as 18-36% of patients undergoing presurgical evaluation for refractory mesial temporal lobe epilepsy and 28% of those undergoing surgical treatment for medically refractory mesial temporal lobe epilepsy. In comparison to the high frequency of CNLs in reports from Brazil, the proportion of CNLs among patients undergoing presurgical evaluation was much lesser (about one percent).\[[@ref24][@ref25][@ref26]\] Cross-sectional studies also found a significant association between CNLs and MTS.\[[@ref20][@ref32]\]

A comparative evaluation of several clinical and histological parameters of hippocampal sclerosis (HS) in a sample of patients with HS with or without calcified brain cysticerci suggested that the occurrence of NCC lesions in association with HS or vice-versa may be merely coincidental.\[[@ref21][@ref33]\] These authors compared consecutive patients with HS with and without calcified brain cysticerci and found no difference in their clinical presentation, neuropsychological characteristics, pathological features as discerned upon histology of resected hippocampii and surgical outcome. They concluded that the calcified brain cysticerci were merely coincidental findings and that they in no way influenced the development of MTS. Other studies have however found that as compared to patients with HS alone, patients with MTS with CNL have a significantly lower incidence of typical febrile seizures, older age at initial precipitating injury (IPI), more frequent clustering of seizures and older age of onset of habitual complex partial seizures.\[[@ref25][@ref26][@ref30]\] Patients with CNL with MTS had extratemporal and bitemporal interictal epileptiform discharges on electroencephalography as compared with patients with MTS alone. Patients with CNL and MTS had less frequent secondary generalized seizures and a lower age at the initial precipitating injury as compared with CNL alone. They concluded that probably association of CNL with MTS is not co-incidental as there were different clinical characteristics in this group compared with MTS alone and the location of CNL within the ipsilateral temporal lobe is likely to play a role in development of MTS in these patients.

One of the reasons for the inconsistency between studies described above might be the disparate mechanisms that underlie the association between NCC and MTS. A definitive evidence of a non-causal relationship is provided when patients with NCC and mesial temporal lobe epilepsy become seizure free after antero-mesial temporal lobectomy, without resection of the cysticercus.\[[@ref21]\] We agree with the authors of this study that in a proportion of cases, NCC with HS may coexist purely by chance. HS is common substrate underlying epilepsy. Calcified NCC is a frequently noted upon imaging studies of both symptomatic and asymptomatic individuals in *T. solium* endemic regions.\[[@ref2]\] Hence, it may be likely that the two conditions may occur co-incidentally in such regions. On the other hand, if there was a causal association between NCC and MTS it could be explained by a number of mechanisms. One hypothesis is the kindling model of epilepsy, *wherein* application of repeated subthreshold stimuli lead to the development of seizures, may also be relevant to the occurrence of temporal lobe epilepsy in association with NCC. Limbic structures are particularly susceptible to kindling and widespread connectivity of these structures with neocortical regions which is the site for NCC lesions may be responsible for temporal lobe seizures in patients with NCC. Another hypothesis for this association is that the occurrence of inflammation in the vicinity of the hippocampus results in clinical or electrographic seizures within that hippocampus leading ultimately to the development of an epileptic focus. Experimental studies have suggested that the injection of early, *Taenia crassiceps*-granuloma material in to the hippocampus of mice is highly epileptogenic.\[[@ref34]\] These experiments provide support for a direct involvement of the hippocampus by brain inflammatory response to degenerating cysticerci.

From a clinical perspective, the association between CNLs and MTS can be approached in two different ways. An earlier study reported Engel\'s Class I outcome with standard antero-mesial temporal lobe resections alone in over 80% of 32 cases of MTS associated with one or more CNLs on imaging studies.\[[@ref21]\] These rates are comparable with seizure freedom rates following surgery for isolated MTS. Contrary to this, in a series of 18 patients with MTS and CNLs of whom nine were operated, only one of the four patients who had a standard antero-mesial temporal lobe resection alone reported seizure freedom post-operatively, while all three patients who had an anteromesial temporal resection in addition to a lesionectomy (including two cases in which the CNL was located within the hippocampus) reported seizure freedom in the post-operative period.\[[@ref25]\] In the same study, two patients with MTS and CNLs located in the parietal and occipital regions respectively had independent seizure onsets from both the hippocampus and the CNL, as a result of which both temporal lobe resection and lesionectomy were undertaken (cf dual pathology). Both patients were seizure free post-operatively. The latter situation is perhaps similar to previously reported dual pathology with other other conditions such as tumours and cortical developmental malformations, where surgical approaches targeting both the involved hippocampus and the lesion alone yield acceptable seizure freedom rates in the post-operative periods.\[[@ref35]\]

The differences in the outcome reported in the two studies could relate to differences in case selection as well as presurgical evaluation and surgical strategies. However, these differences also bring forth the disparate mechanisms that underlie the association between NCC and MTS. Accordingly, the presence of the CNL might or might not influence surgical outcome and hence unified approach can be recommended to patients with medically-refractory mesial temporal lobe epilepsy with MTS who also present with CNLs on their imaging studies. Clearly, more studies with larger prospectively collected samples of patients are required in order to clarify the association between NCC and MTS.
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